Abstract. Hydrogen absorption-desorption cycling induced by pressure change in a closed system were carried out with LaNi 5 , La 0.7 Ce 0.3 Ni 4 Cu and TiFe 0.9 Ni 0.1 alloys. PC isotherms measured during the cycling showed some changes in hydrogen storage capacity, plateau pressure and hysteresis of the alloys. . The half capacity life of LaNi 5 alloy can be projected as 70,000 cycles for room temperature pressure cycling. When La 0.7 Ce 0.3 Ni 4 Cu alloy was pressure cycled both of the plateau pressures were decreased significantly and continuously. TiFe 0.9 Ni 0.1 alloy showed a good resistance to cyclic degradation. Heat treatments of the degraded alloys under 1 atm of hydrogen gas recovered most of the hydrogen storage properties to the initial level even though they were degraded again more rapidly upon subsequent cycling.
Introduction
When metal hydrides are used for hydrogen storage or heat pump systems they must be subjected to a large number of hydrogen absorption-desorption cycles and the cycle life of the alloys are very important. Researches on hydrogen abs-des cycling have been reported frequently for AB 5 [1] [2] [3] [4] [5] [6] , AB 2 [7] , AB [8] and A 2 B alloys [9] . The cycling conditions of them were mostly thermal cycling in a closed system or pressure cycling in an open system. The cycle lifes of hydrogen storage alloys are strongly dependant on the impurity level of hydrogen gas used and the temperature. In the case of pressure cycling with an open system, however, the impurity problem can not be eliminated and the thermal cycling can not avoid a rising temperature which should shorten the cycle life. Therefore in order to minimize the alloy degradation with cycling it needs to perform a pressure cycling in a closed system. We developed a pressure cycling apparatus which has a mobile piston and can perform hydrogen abs-des cycling automatically in a closed system at a constant temperature. The results of tests are reported here.
Experimental
The samples, LaNi 5 , La 0.7 Ce 0.3 Ni 4 Cu and TiFe 0.9 Ni 0.1 , were prepared by induction melting on a water-cooled copper boat under argon atmosphere. The alloys were remelted several times and then annealed at about 1370K for 5 hrs under argon. The alloy powders of about 0.4 g each were used for hydrogen abs-des cycling. The pressure cycling apparatus is schematically shown in Fig. 1 . The first hydrogen absorption (activation) was carried out at 273K after heating at 673K for 2 hrs. The same hydrogen gas used for activation was used for the subsequent extended cycles to minimize the effects of impurity gases. A complete hydrogen abs-des cycle took 30 min. The temperatures during cycling were kept constant as 296K for LaNi 5 and La 0.7 Ce 0.3 Ni 4 Cu and 348K for TiFe 0.9 Ni 0.1 . PC isotherms were measured occasionally during the cycling. The heat treatments for recovery with the cycled LaNi 5 and La 0.7 Ce 0.3 Ni 4 Cu alloys were performed at 673K for 2 hrs under hydrogen gas of 1 atm.
Results and Discussion
PC isotherms. The PC isotherms measured during hydrogen abs-des cycling for the three alloys are shown in Fig. 2-4 . The cycling caused changes in the hydrogen storage capacities, plateau pressures, hysteresis gap and sloping of plateau. The extents of the changes were different from alloy to alloy. The maximum hydrogen storage capacities decreased with cycling in all three alloys. The LaNi 5 alloy revealed the largest capacity decrease. The extent of capacity decrease for LaNi 5 in this experiment, however, is much smaller than other results which were obtained with an open system [2, 3] or thermal cycling. [5, 6] The half capacity life of LaNi 5 predicted from our data is about 70,000 cycles. This is much longer than other data, i.e. 6,000, 3,100 and 2,700 cycles obtained by Goodell [3] , Gamo et al. [2] with open pressure cycling and Park et al. [5] with thermal cycling (203-458K) respectively. The main reason of this large difference should be come from the difference in impurity level of hydrogen gases used and temperature for cycling. In a closed system the impurity level of hydrogen gas is extremely low compared with that of open system where a new hydrogen gas of 99.999% purity is dosed for every cycle. Plateau Pressures and Hysteresis. The variations of plateau pressures with cycling are shown in Fig. 6 . A drastic decrease in absorption and increase in desorption in a few tens of cycles are not unusual and these could be attributed to an alloy fragmentation or an increase in the number of nucleation sites with cycling. With further cycling, the plateau pressures kept nearly constant in TiFe 0.9 Ni 0.1 . On the other hand, both of the absorption and desorption plateau pressures decreased continuously in LaNi 5 and La 0.7 Ce 0.3 Ni 4 Cu, and it was more significant in the latter. The continuous decrease in both the absorption and desorption plateau pressures means that there should be a continuous change in alloy composition such as segregation or phase separation. The hydrogen induced phase separation of the hydrogen storage alloys is thermodynamically possible even at a room temperature. [3, 10] The hysteresis gaps also decreased rapidly with cycling in a few tens of cycles and approached to being constant. Sloping. In contrast to other factors the sloping of plateau increased drastically with cycling in a few tens of cycles and then kept almost constant. Only LaNi 5 which was undergone over 4,000 cycles, however, showed a continuous reincrease after 2000 th cycle. This mighty be due to the slight split of the plateau into two segments as found by Goodell [3] .
Recovery. The heat treatment at 673K under hydrogen gas of 1 atm recovered the EHSC, the plateau pressure and the sloping almost to their initial values in LaNi 5 and La 0.7 Ce 0.3 Ni 4 Cu and with subsequent cycling the properties were more rapidly returned to those of the cycled one. The heat treatment effects were most significant in LaNi 5 alloy.
